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I n t rod uc t i on 

The p r o j e c t  was au tho r i zed  f o r  o p e r a t i o n  i n  October 1969. Two 

s tuden ts  namely M r .  David C.  Mosby ( S e n i o r )  and M r .  James Marsha l l  

( J u n i o r )  were appointed as research a s s i s t a n t s  t o  t h i s  p r o j e c t .  

s e n i o r  s tuden t  M i s s  Mary L. Anderson was a l s o  a t tached  l a t e r  on t o  

t h i s  p r o j e c t .  

r e v e r s a l s  o f  l oad ings  a r e  l i k e l y  t o  be i n t r o d u c e d  and t h i s  may cause 

f a t i g u e  f a i l u r e  i n  t h e  s t r u c t u r e .  For  s t u d y i n g  t h i s  f a t i g u e  damage, 

i t  i s  necessary t o  s tudy t h e  v a r i a t i o n  o f  s t r a i n  a t  t h e  c r i t i c a l  sec- 

t i o n  o f  t h e  s t r u c t u r e .  Hence f i r s t  s t e p  was taken t o  i n v e s t i g a t e  

t h e  p o s s i b l e  h y s t e r e s i s  l oop  of s t r a i n  a t  a c r i t i c a l  s e c t i o n  and re -  

sponse o f  a s t r u c t u r a l  system. 

Another 

When a s t r u c t u r e  i s  sub jec ted  t o  Random Vibration,rnany 

Procurement o f  minor  equipments: 

A p o r t a b l e  S t r a i n  I n d i c a t o r ,  S t r a i n  gage a p p l i c a t i o n  k i t ,  a t o o l  

box and a s to rage  c a b i n e t  f o r  t he  l a b o r a t o r y  were procured under t h i s  

g r a n t .  
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Research conducted by t h e  Student a s s i s t a n t s :  

Miss Mary L. Anderson was g i v e n  o p p o r t u n i t y  t o  a c q u i r e  exper ience 

of f i x i n g  s t r a i n  gages i n  d i f f e r e n t  d i r e c t i o n s  on a s t e e l  p l a t e ,  

p r a c t i s e d  by f i x i n g  many s t r a i n  gages and c a r r i e d  o u t  exper iments on 

She 

them. 

S t r a i n  under Reversal  o f  Loadings' '  which was c a r r i e d  o u t  under t h i s  

A copy of  h e r  i n v e s t i g a t i v e  paper e n t i t l e d  "Measurement o f  

research i s  enclosed f o r  re ference.  

c o l l e g e  i n  January 1970. 

on "The A p p l i c a t i o n  o f  M a t r i x  i n  S t r u c t u r a l  Dynamics." 

l e a r n t  t o  i n v e r t  a m a t r i x .  

a b l e  a t  P r a i r i e  View was f u l l y  u t i l i s e d  by him. 

She has now graduated f rom t h e  

M r .  David C. Mosby i s  making t h e o r e t i c a l  s tudy  

So f a r ,  he has 

The computer f a c i l i t y  o f  I B M  1401 now a v a i l -  

M r .  James Marsha l l  

s t u d i e d  t h e  response o f  a s ingle-degree-freedom system and was a l s o  

r u n n i n g  computer program i n  I B M  1401. 

Research conducted by t h e  P r i n c i p a l  I n v e s t i g a t o r :  

The p o s s i b i l i t y  o f  making use o f  t h e  Analog Computer SD 3300 

wh ich  i s  now a v a i l a b l e  a t  P r a i r i e  View, f o r  s t u d y i n g  v i b r a t i o n  p r o -  

blems under t h i s  p r o j e c t  was i n v e s t i g a t e d .  I t  i s  now proposed t o  

u t l l i s e  t h i s  f a c i l i t y  l a t e r  on i f  t h i s  research can be extended f o r  

ano the r  year.  

T h e o r e t i c a l  s tudy was made r e g a r d i n g  t h e  v a r i a t i o n s  o f  d e f l e c -  

t i o n  maximum s t r a i n  i n  a r e c t a n g u l a r  s e c t i o n  o f  a column. The r e -  

l a t i o n  between t h e  extreme f i b r e  s t r a i n  e which i s  a f u n c t i o n  o f  
X '  

t h e  v a r i a b l e  x ,  and t h e  response ( d e f l e c t i o n )  y i s  g i ven  by t h e  
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where d i s  t h e  depth of c ross  s e c t i o n  of t h e  column and x i s  t h e  v a r i a b l e  r e -  

p r e s e n t i n g  t h e  h e i g h t  of t h e  column. 

smal l  r e l a t i v e  t o  t h e  h e i g h t  o f  t h e  column t h e  above equa t ion  can be s i r n p l i -  

f i e d  t o  t h e  one g i v e n  below: 

I f  t h e  d e f l e c t i o n  y i s  assumed t o  be 

Cons ide r ing  a c a n t i l e v e r  column f i x e d  a t  A as shown i n  f i g u r e  1 ,  t h e  maximum 

d e f l e c t i o n  w i l l  occu r  a t  t o p  when a s i d e  l oad  P i s  app l i ed .  

Co 1 umn S t r a i n  D i s t  r i  b u t  i o 

F i g u r e  1 

f 

A 

When t h e  load i s  increased,  t h e  maximum s t r a i n  i nc reases  a t  s e c t i o n  A, w h i l e  
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t h e  s e c t i o n  B does n o t  exper ience any s t r a i n  s i n c e  no bending moment i s  i n -  

duced a t  t h a t  s e c t i o n .  

I n  F i g u r e  1 ,  t h e  non- l i nea r  de fo rma t ion  has extended f rom A t o  F. The 

d i s t r i b u t i o n  o f  bending moment a long  t h e  column remains l i n e a r  even a f t e r  

n o n - l i n e a r  d e f o r m a t i o n  s s t a r t e d .  The v a l u e  o f  bending moment M i s  maxi-  

mum a t  t h e  s e c t i o n  A wh l e  i t  always remains z e r o  a t  S e c t i o n  B. But t h e  non- 

l i n e a r  c h a r a c t e r i s t i c s  o f  t h e  maximum s t r a i n  s l o w l y  extends b o t h  i n s i d e  t h e  

s e c t i o n  and a long  t h e  column s t a r t i n g  f rom S e c t i o n  a t  A. The r e l a t i o n  between 

t h e  d e f l e c t i o n  y a t  t h e  t o p  o f  t h e  frame and t h e  maximum s t r a i n  e a t  s e c t i o n  

A when t h e  frame is  s u b j e c t e d  t o  n o n - l i n e a r  s t r a i n  t h e  f i r s t  t i m e  can be re- 

presented by t h e  f o l l o w i n g  equat ion:  

where C% = e/ey, 

e, i s  y i e l d  s t r a i n .  and 

2 e,, c-\ 3 

e Y  ; y - ------ - 3cL When e becomes 
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which i s  a l i n e a r  r e l a t i o n s h i p .  When e i s  l e s s  then e t h e  l i n e a r  r e l a -  
Y 

t i o n s h i p  i s  g i v e n  by t h e  equa t ion :  

By u t i l i s i n g  t h e  above e q u a t i o n  i t  may be p o s s i b l e  t o  make a reasonable as- 

sumpt ion o f  h y s t e r e s i s  loop between t h e  d e f l e c t i o n  and t h e  maximum s t r a i n  a t  

t h e  c r i t i c a l  s e c t i o n .  Hence i f  t h e  t i m e  h i s t o r y  o f  t h e  d e f l e c t i o n  o f  a sy- 

stem s u b j e c t e d  t o  random v i b r a t i o n  i s  ob ta ined ,  i t  may be p o s s i b l e  t o  ge t  t h e  

t i m e  h i s t o r y  of t h e  s t r a i n  a t  the c r i t i c a l  s e c t i o n .  The f a t i g u e  damage 

f a c t o r  can be c a l c u l a t e d  f rom the  t ime  h i s t o r y  of t h e  s t r a i n  and we can 

s tudy  t h e  s a f e t y  o f  t h e  s t r u c t u r e .  

A two-degree-freedom system as shown i n  f i g u r e  2 was considered f o r  i n -  

v e s t i g a t i o n .  

‘ I  
1 

Y 

Two-D eg ree- Freedom 

F i g u r e  2 

System 

5 



The equa t ions  o f  mo t ion  a re  g i v e n  below: 

I 

e 
V 

Where C i s  c o e f f i c i e n t  o f  f r i c t i o n ,  

m i s  t h e  mass, 

y, i s  t h e  r e  

Y i s  t h e  r e  
2 

t h e  f i  r s t  
- 

a t i v e  d e f l e c t i o n  o f  f i r s t  t o r y  w i t h  r e f  

a t i v e  d e f l e c t i o n  o f  second s t o r y  w i t h  r e f e r e n c e  

s t o r y ,  

? i s  t h e  f i r s t  d e r i v a t i v e  o f  y, 

Y i s  t h e  second d e r i v a t i v e  o f  y ,  
.. 
0 ,  

and X, i s  t h e  ground random v i b r a t i o n .  

Q ground, 

t o  

By adop t ing  t h e  c o n s t a n t - v e l o c i t y  numer ica l  i n t e g r a t i o n  method, i f  t h e  

response y ( s )  a t  t ime  s t a t i o n  S and y ( S - I )  a t  t h e  p reced ing  t i m e  

s t a t i o n  S - 1  have been p r e v i o u s l y  determined, t h e  v e l o c i t y  y ( s )  a t  t h e  

t i m e  s t a t i o n  S i s  approx imate ly  expressed as f o l l o w s :  

. *  
Where 

t i o n .  

AT i s  t h e  t ime i n t e r n a l  choosen and y ( s )  i s  t h e  a c c e l e r a -  

6 
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The response y ( s + l )  at the next time station is assumed as fo l lows:  

ycs+I )  = 2’yls) - Y[s-l)+ v<s-)a AT‘ Q 

Incorporating the above two equations in the general equations o f  

motion the following expanded equations are derived. 
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d i s  the n a t u r a l  f requency o f  t he  system. 

These expanded equa t ions  are u t i l i s e d  i n  w r i t i n g  t h e  Computer Programe 

f o r  d e t e r m i n i n g  t h e  t i m e  h i s t o r y  o f  responses o f  a two-degree-freedom sy- 

stem f o r  a random i n p u t  f unc t i on .  A p o r t i o n  of  NS Component o f  E l  Centro 

1940 Earthquake reco rd  i s  taken as t h e  random i n p u t  f u n c t i o n .  

Computer IBM 360 now a v a i l a b l e  a t  Co l l ege  S t a t i o n  i s  b e i n g  u t i l i s e d  f o r  t h i s  

The d e g i t a l  

research. A copy o f  t h e  computer r e s u l t  o b t a i n e d  so f a r  (as on January 28, 

1970) i s  produced f o r  re fe rence .  T h i s  program w i l l  be s l o w l y  expanded f o r  

d e t e r m i n i n g  the  t i m e  h i s t o r y  o f  c r i t i c a l  s t r a i n  and then t h e  f a t i g u e  damage 

which can occur  i n  t h e  system. A f t e r  a n a l y s i n g  t h e  e f f e c t  o f  v a r i o u s  pos- 

s i b l e  improvements t o  t h e  s t r u c t u r a l  system, t h e  r e s u l t s  a r e  proposed t o  

be submi t ted  f o r  p u b l i c a t i o n .  Ex tens ion  of t h i s  research beyond two-degree 

freedom systems w i l l  a l s o  be i n v e s t i g a t e d .  

P r i n c i p a l  I n v e s t i g a t o r  

School o f  Engi n e e r i  ng 

P r a i r i e  View A. & M. Col tege 

8 



1 
2 

9 



5 1  
5 2  
53 
54 
5 5  
56 1 ;; 
6U 
61 
6 2  
6 3  

64 
65 
66 
67 
6 8  
69 
7ti 
7 1  
72  
73 
74 

75 
76 
77 
7 8  
79 

8 1  
82 
83 
0 4  
8 5  
86 

a(; 

a 7  1 ;: 
9 1  
3 2  
9 3  
94 
9 5  



9t: 
95 

104  
1 0 5  
106  
107 

l o t !  
109 
1 IC 

111 
1 1 2  
1 1 3  
1 1 4  

1 1 5  
116 
111 
1 Lt: 

1 2 3  
1 2 4  
1 2 5  
1 2 6  
1 2 7  
12t!  
1 2 9  
13C 

1 3 1  
1 3 2  
1 3 3  

1 3 4  
1 3 5  
136 

1 3 7  p 13t: 
& 13Y 

1 4 i  
lctl 

1 4 2  
143 



1 4 1  
146 
14'3 

153 
154 
155 
156 

1 5 7  
15t: 

1 5 4  
160  
16 1 

162 

1 6 4  
165 
166 
167 

163 

$ c a m  
I k f l A  = C O l C i C C  

<> 
h 

C.CCCGC 
c.ccccc 
C * C C O C C  
c I c c o c o  
2 . C C C 3 C  
C I C C 3 L ' C  
c .cc3cc  
C . 2 C C C C  
C o C C C C G  
i - c c o c o  
C I C C L C O  
c.cc;cc 
C,Ci2ZC 
C . C C 3 C 3  
c I c c c c c  
C I C C C C C  
c . c c c z c  
c.ccccc 
C.CC0CL 
C , C C G C O  
C , C C O C C  
C - C C G C G  

9 

0 
7 
E 
3 

1 C  
1 1  
1 2  
1 3  
14 
1 5  
It 
17 
l e  
1 3  
2 c  
2 1  
2 2  
23 
24 

i) 
-0,00coo 
- ~ , 0 0 0 0 3  
-0,00000 
-0 -ooco1  
-O*OCOOL 
-Go00002 

12 


